Photon-correlation experiments have verified the theoretical prediction of Baltes et al. that a phase grating hidden by a diffuser can be detected by correlation measurements.
In a series of recent theoretical papers, 1 - 10 Baltes and co-workers have shown that the presence of a phase grating placed behind a diffuser can be detected by correlation (coherence) measurements of the scattered radiation, even when a simple intensity measurement does not reveal the grating.
In this Letter, we present measurements of the strengths of the correlation peaks as a function of the diffuser and grating parameters obtained using photon-correlation techniques; our results confirm Baltes's theory. 16 We also report measurements of temporalcorrelation functions in which the presence of the grating manifests itself as a cosinusoidal modulation.
Measurements are made in the far field of the grating-diffuser plane (see Fig. 1 ). In the absence of the grating, the diffuser alone would give a broad diffraction cloud of width inversely proportional to the correlation length L; the sinusoidal phase grating in the absence of the diffuser would give a series of diffraction orders with an angular separation inversely proportional to the grating period b. With both grating and diffuser present, the diffraction pattern consists of a series of coherently superposed diffraction clouds centered at each diffraction order of the grating, as shown in Figs. 1 and 2. If the ratio Lib is small enough (Llb < 0.33), then the average intensity distribution does not reveal the presence of the grating, as shown in Fig. 2(c) .
Using one-dimensional notation, we model the complex amplitude in the scattering plane as the product (1) where P(Q) is a real pupil function, 0(t) is the random phase that is due to the diffuser, and T(t) is the transmission function of the phase grating. In our case,
where a is the beam width, and The diffusers were made in photoresist by multiple exposure to Gaussian speckle patteris, 1 1 2 ; this produces a surface height with a Gaussian probability distribution of standard deviation 6 h and a Gaussian correlation function of parameter equal to Ih. If gh 3 A, it can be shown that the correlation function of the complex amplitude transmittance of the diffuser is also approximately Gaussian, with width equal to L (Ref. (4) where L=, 1 2 Xn](n-1)ah (5) X is the wavelength (633 nm), and n is the refractive index of the photoresist (-1.67). In our experiments, L = 1.3, 2.5, 3.3, 6.4, 7.1, and 10.3 pm.
For computational simplicity we expand the grating transmission T(Q) in a discrete Fourier series:
where g, = Jn(c4), the Bessel function of the first kind of order n and argument a. The correlation r(x 1 , x 2 ) of the complex amplitude in the far field is given by, ignoring the unimportant phase-factor and scaling constants, Fig. 1 and the normalized correlation is defined by (8) Defining the sum and difference coordinates in the far field, x = (xl + x 2 )/2 and Ax = (xl -x 2 ), and the angular sum and difference coordinates, s = xIR = (sin 01 + sin 02)/2 and a = AxIR = sin 01 -sin 02, we find that a straightforward calculation yields fraction orders. The angular width of the correlation peaks is equal to (ka)-', or a speckle diameter; note that these peaks are usually very narrow compared with the intensity peaks, (ka)
Measurements of the peaks of the normalized intensity cross-correlation were made for the antisymmetric scan (0o = A/b), using standard photon-correlation equipment described elsewhere. 16 The diffuser was rigidly translated across the illuminated region, and the spatial correlation at the two angles was estimated from measurements of the temporal cross-correlation at zero time lag. The angular width of the correlation peaks does equal (ka)-1 , as found (approximately) by Jauch and Baltes 9 ; these results are not repeated here. The experimental values of the peak of the normalized intensity cross-correlation are plotted in Fig. 3 for eight different values of the ratio LiA, where L is the correlation length of the complex amplitude transmission of the diffuser and b is the grating period; the theoretical curve [Eqs. (9)- (11) is also plotted in Fig. 3 .
The agreement between theory and experiment in Fig. 3 is excellent. It should be noted that, for values of Lib 5 0.33, the average intensity distribution as shown in Fig. 2 does not reveal the presence of the grating; however, the intensity correlation still has a measurable value for Lib ' 0.15, so there is a small but important range of values 0.15 5 LAb 5 0.33 where the grating is revealed by correlation measurements but not by average intensity measurements.
As our experimental apparatus measures temporal cross-correlations of dynamic speckle intensities, we Photon-correlation measurements 14 estimate the normalized correlation, defined by
Since a >> L, the far-field speckle has Gaussian statistics, so the intensity and amplitude correlations are simply related 1 5 :
Although the sums in Eq. (9) appear quite formidable, it turns out that, for gn = Jn (a), a -0.85, only the terms 0, 41, and L2 are significant. The average intensity P(x 1 , x 1 ) -P(s = sin 01, a = 0) shows broad peaks centered on the grating diffraction orders; the angular width of these peaks is equal to (kL)-l (see Fig.   2 ). The amplitude cross-correlation in the so-called "antisymmetric" scan, 8 r(x 1 , -x 1 ) a P(s = 0, a-= 2 sin 01), shows sharp correlation peaks whenever sin 0°= +(nXA/b), i.e., whenever one correlates pairs of dif- (9) 4(t)1 q(t)] = 0(e -Vet, n -%nt).
The only difference here is that the spatiotemporal correlation of the complex amplitude transmission of the diffuser is given by (12) where Ch > A, L is defined by Eq. (5), and time stationarity is assumed. The expression for the amplitude cross-correlation evaluated at coordinates (sr, 0, a=, 0, r) becomes where sin Oo = X/b. The imaginary part of y has an identical form to expression (13) except that the cosine is replaced by a sine.
A more complete analysis of the spatiotemporal correlation [expression (13) ] will be given in a forthcoming paper. Here we evaluate and present a measurement of the intensity autocorrelation at the center of the diffraction field:
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